Introduction
New in-pipe microrobots which move and inspect large or small intestines in the human body have been developed. Kato et al. have presented flexible in-pipe microrobots which are 17 mm in diameter and able to inch in pig's small intestine held in vinyl chloride pipe of 22 mm in diameter by a creeping motion of an inchworm and an earthworm [1] , [2] . The pig's small intestine is almost same as the human's large intestine in its diameter. However, the microrobots, which are 17 mm in diameter, are too large for the child's large intestine.
We fabricated a prototype of new in-pipe microrobot which is able to move with the motion of an earthworm in sheep's small intestine which is almost same as child's large intestine in its diameter. The microrobot is made by three flexible rubber bellows-cells which are 5 mm in diameter and 20 mm long. The three bellows-cells are sequentially stretched and shrunk. The pneumatic pressure is used to stretch and the vacuum pressure is used to shrink the three bellows-cells. The microrobot is equipped eight thin friction-rings which are located at both ends of the bellows, and the front and the rear ends of the microrobot. The friction-rings are 7 mm in outer diameter and 0.3 mm thin made of vinyl chloride for the acrylic pipe and made of rubber with small warts for the sheep's small intestine. The friction for creeping motion of the microrobot comes from these friction -rings.
The maximum speed of 40 mm/s was obtained at the pneumatic pressure of 0.11 MPa, the vacuum pressure of -0.08 MPa, and the pulse width time of 0.05 seconds in the acrylic pipe and also the maximum speed of 9 mm/s was obtained in the sheep' small intestine.
St ructure of the fabricated microrobot
The section of the fabricated microrobot is shown in Fig. 1 Consequently, the in-pipe mobile microrobot is able to move to the forward direction.
Experimental apparatus of the fabricated microrobot

Moving characteristics of the fabricated microrobot in the acrylic pipe
The moving speed of the microrobot in the acrylic pipe is measured. The vacuum pressure is -0.08 MPa and the pneumatic pressure is changed from +0.05 MPa to +0.11 MPa. The pulse width time is changed from 0.05 seconds to 0.6 seconds. The relationship between moving speed of the microrobot in an acrylic pipe of 7 mm in diameter and the pulse width time is shown in Fig. 5 . The maximum speed of 40 mm/s was obtained at the pneumatic pressure of +0.11 MPa and the pulse width time of 0.05 seconds. 
Conclusions
A fabrication of a prototype of a new in-pipe microrobot which move and inspect large or small intestines in the human body was performed. The followings are the conclusions of the fabrication.
1) We fabricated a new earthworm type microrobot which is constructed by three flexible nitrile butyl rubber bellows 5 mm in outer diameter and 60 mm long. The microrobot is able to move in an acrylic pipe of 7 mm, and 40 mm/s was obtained at the pulse width time of 0.05 seconds, -0.08 MPa of the vacuum pressure and 0.11 MPa of the pneumatic pressure.
2) The microrobot is confirmed to move in the sheep's small intestine held in an acrylic pipe of 7 mm in diameter and 9 mm/s was obtained at at the pulse width time of 0.08 seconds, -0.08
MPa of the vacuum pressure and 0.11 MPa of the pneumatic pressure. The maximum speed of 9 mm/s was obtained at the pneumatic pressure of +0.11 MPa and the pulse width time of 0.08 seconds.
